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ABSTRACT

New data are reported on high energy antineutrino in-

teractions obtained using the Fermilab 15-Ft. bubble cham-
oer filled with a light neon-hydrogen mixture. The new

data support a gentle energy dependence for the y-distri-
bution consistent with the trend of the existing data, but
show no evidence for a marked energy threshold. The data

for < x > and the data for < v > = < xy > show some de-
crease with increasing energy which may be related to scaling

deviations measured in electron and muon experiments.



In experiments using calorimeter - spectrometer techniques
evidence has been reported for a sudden change in character of
the antineutrino muon inelasticity distributions at high ener-
gies. # These data have been extensively discussed in the theo-
retical literature and have been considered as evidence for new
particle production, right-handed currents and/or asymptotic-

* 1Interest centers on the behavior at high-y?

freedom effects.™
where in experiments using calorimeter-spectrometer techniques,
muon acceptance losses have been particularly large. In this
letter we report the results of an experiment on high energy
charged current antineutrino scattering performed using the
Fermilab 15-Ft. bubble chamber. Used in conjunction with the
External Muon Identifier (EMI)® the bubble chamber has the
important advantage of good muon angular acceptance out to rela-
tively high values of y.

The data come from 60,000 pictures obtained using a 21%
atomic neon-hydrogen filling of the bubble chamber exposed to
a broad-band double horn focused antineutrino beam. The energy
of the extracted proton beam was 300 GeV and the proton intensity
on the target was 0.8-0.9 x 1013 protons per pulse. The EMI
consisted of between 3 and 5 interaction lengths of hadron ab-
sorber followed by an array of multiwire proportional chambers
with a total area of 23 m2. The data from the proportional
chambers for each picture taken were written to magnetic tape

by an on-line computer which was also used to monitor the per-

formance of the EMI throughout the exposure.



The film was scanned for events with total momentum along
the beam direction Py greater than about 1 GeV. Not included
in the scan were events consisting of a single charged track
only (l-prong events) which include candidates for the elastic
reaction Gup + u+n. In order to remove the effect of the bias
due to the loss of l-prong events, all events with hadronic energy
v < 2 GeV are eliminated from the sample.5 The data have been cor-
rected for scanning losses. The scan efficiency was measured
in a partial double scan and the data were corrected by weighting
the events as a function of the total multiplicity. For events
with v > 2 GeV the scan efficiency as a function of y varies
from 0.90 to 0.98 and is largest for events at high-y.

In order to identify muons in these events, all tracks leav-
ing the bubble chamber without interacting are extrapolated to
the EMI plane in an attempt to match them with fitted coordi-
nates from the proportional chambers. For this analysis tracks
which match in the EMI and have a muon confidence level greater
than 4% and a hadron confidence level less than 10% are taken
as identified muons.® Only events with a positive muon identi-
fied by the EMI are included in the charged current sample.

To reduce backgrounds in the sample due to events where a posi-
tive hadron is misidentified as a muon by the EMI and also to
ensure good EMI acceptance we reguire that the total measured
momentum of the event along the beam direction be greater than
7.5 GeV/c and that the momentum of the muon be greater than 4

GeV/c.7 The events have been weighted to correct for the



geometrical acceptance of the EMI. Figure 1 shows the EMI accept-
ance for positive nmuons computed for the fiducial volume used

in this experiment, as a function of the muon momentum (pu) and
angle (8"). For forward muons (6" .0) the EMI acceptance is ~0.96
falling to ~0.60 for 8" = 0.5 rad. At fixed angle the EMI
acceptance is not strongly dependent on muon momentum for pu

> 4 GeV/c. In terms of the variables x and y the effect of the
requirement on the muon momentum (p]‘L > 4 GeV/c) together with

the requirement on the hadron energy (v > 2 GeV) is that, the
data are confined to a restricted range in y defined by Ymin
<y < Yimax where Ymin = 2/E and Yoax = 1-4/E (with E in GeV).
Within this y-range the data cover the full kinematic range in

X (x = 0-1).

The energy of the incident antineutrino is estimated by
summing the momentum of the muon and the momentum of the hadrons
along the beam direction. The momentum of the hadrons has to
be corrected to account for neutrals which leave the chamber
undetected. In an experiment using a complex nuclear target
we do not expect to see momentum balance in individual events
due to the presence of undetected nuclear fragments. However
the mean transverse momentum of the hadrons < pg > and the mean
transverse momentum of the muon < p¥ >, measured relative to
the antineutrino direction in the plane defined by the muon and

the antineutrino, are expected to balance if there is no other

source of missing momentum. The correction factor for missing



momentum < po > / < ph > ig evaluated as a function of the lon-
Py T

gitudinal momentum ©f the visible hadrons pg . A straight line

fit to the mean corrected value of PZ, Pi {corrected) as a func~

tion of pz gives: Pg (corrected) =1.20 (pi + 1.0 GeV). All
events are corrected for missing hadron momentum using this
formula. ®

Assuming the validity of the Callan-Gross relation® the
differential cross section in y for charged current antineutrino

scattering integrated over any range of x is given in terms of

the structure functions F2 and xF3.

2 2
do _ G“mE [E;“y + Ly [ ryax-y (-4 [ xF3%E] (la)
dy T
or
do szE 13 Y
A f F,dx El-y + 435) - By(l - EZ' (1b)

where B = fo3dx/szdx. In the gquark parton model the value
of B is related to the relative antiquark content of the nucleon

by the relation:

(2)

where @ and ﬁ represent the relative contribution of quarks and

antiguarks for the same x-range. If the antiquark contribution



can be neglected then B = 1 and the y-distributicn has a pure
(L - y)2 form. In the quark parton model a measurement of the
y-distribution determines the relative antiquark contribution.

Figures 2a —2c¢ show the y-distributions for the energy
intervals 10-30, 30-50 and 50-200 GeV. The distributions are
inconsistent with a pure (l—y)2 form but are well fitted by the
form 2b. The curve shows the best fit for each energy interval.
Figures 2d—2f show the x-distributions for restricted regions
of y for the same energy intervals. In each case the curve which
has been normalized to the data is a prediction computed from
the quark distributions of Field and Feynman'®’ which are based
on electron data and neutrino/antineutrino data from experiments
at lower energies.

Table I shows the fitted value of B from the y-distributions
for various ranges of x for the three energy intervals. While
there is no statistically significant energy dependence the £rend
of the data suggest that the effective antigquark contribution
at small x is increasing with increasing energy. Fig. 3a shows
the relative antiquark contribution 0/(Q + Q) as a function of
x computed using all the data in the enerqgy range 10-200 GeV.

The curve is from Field and Feynman. For the whole x-range

the data give Q/(Q + Q) = 0.14 * 0.03 while the prediction from
Field and Feynman'is 0.08. At these energies, the effective
antiquark contribution 1s larger and extends to higher values

of x than would be expected based on the lower energy data.



Figure 3b shows the value of B for the maximum x-range
plotted as a function of energy. Alsc shown in Fig. 3b are
the data from the Harvard-Pennsylvania-Wisconsin-Fermilab (HPWF)
collaboration’ and the data from the Caltech-Fermilab {CTF)
collaboration.? The lowest energy point comes from a fit!? to
the antineutrino y-distribution for the subset of events in the
scaling region in the Gargamelle (GGM) experiment. Taken to-
gether with the data from the other experiments our data support
a gentle energy dependence for B. The combined world data for
B are very well fit (x2 = 3.86 for 6 DF) by a linear energy

dependence and the best fit gives:

B = (0.86 £ 0.05) - (0.0038 * 0.0012)E (3)

The evidence for a sudden change in the shape of the y-distribu-
tion with energy comes from the data published by the HPWF collab-
oration. The determination of B in this experiment for the
energy range 10-30 GeV is two standard-deviations lower than
the HPWF determination of B in the same energy range.

Figure 4a shows the mean value of y as a function of energy
for vy = 0.2-0.6 for E > 10 GeV and for y = 0.05-0.9 for E >
40 GeV. The curves show the expected energy dependences computed
from Eq. 3 for the two y-intervals. While it is difficult to
make a direct comparison with the data for < y > from the HPWF
collaboration which are plotted for an energy dependent y~-range,

our data show no evidence for a sharp rise in < y > 1in the



vicinity of 30 Gev.' Our data for < y > are compatable with
the energy dependence predicted from Eg. 3.
Deviations from exact Bjorken scaling have been observed
in electron/muocn experirnents.“+ In neutrino/antineutrino experi-
ments similar effects would appear as a decrease in the mean

value of x as a function of energy. On the basis of empirical

5 b

fits'® to electron/muon data we predict < x > ®* E - with b ~0.15.
Figure 4b shows the data for < x > plotted in fine energy in-
tervals. The best fit to the data for y = 0.2-0.6 over the whole
energy range gives b = 0.14 = 0.06 (x2 = 14.0 for 10 DF). While
the evidence for scaling deviations in this experiment is marginal
statistically, the observed energy dependence is compatable with
expectations based on electron and muon data. Figure 4c shows

the energy dependence of the mean value of v (v = xy) for the
same restricted y~ranges. In the approximation that the x and

y dependence factorize we expect a similar energy dependence

for < v >. The best fit to the form < v > = E'_b for v = 0.2~

0.6 over the whole energy range gives b = 0.09 * 0.09 (X2 = 8.8
for 10 DF). 1In Fig. 4b~4c the curves are fits to the data in
the two y-ranges assuming b = 0.15. For v = 0.05 - 0.9 and E
> 40 GeV the data for < v > show a more rapid fall-off with
increasing energy than is indicated by the fit. For this y-range
the data give < v > = 0.086 = 0.010 for E = 40~60 GeV and < v >
= 0.048 * 0.007 for E = 60-200 GeV.

In summary we conclude that the y-distribution for charged

current antineutrino scattering is inconsistent with a pure

(l--y)2 form over the energy range explored in this experiment.
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In terms of the quark parton model the relative antiquark con-
tribution is larger than would be expected based on the low
energy data and extends to larger values of x. When combined
with the world data our data support a gentle energy dependence
for the y-distribution which can be parameterized by a linear
energy dependence B = (0.86 £ 0.05) - (0.0038 £ 0.0012)E over
the energy range 4 < E < 150 GeV, While the x-distributions
are in reasonable agreement with predictions based on the gquark-
parton model and electron scattering data,the data for < x >
and the data for < v > as functions of energy show a decrease
with increasing energy. The observed energy dependence may be
related to similar scaling deviations measured in electron and
muon scattering experiments.

We wish to thank the Hawaii and Berkeley groups for their
assistance in operating the EMI and for making available to us
their EMI programs. We also wish to thank the members of the
Meutrino Laboratory at Fermilab and the scanning, measuring and
secretarial staffs at our respective laboratories for their con-

tribution to this experiment.
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the result 2%nF

Assuming all three structure functions for antineutrinos show

b

a similar Qz—dependence, we predict < x > « E © with b ~

<X > - < x2 > /< x > = 0.15 % 0.01 in this experiment.
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Table I: Fitted values of B as
various x-rane
X- e

E GeV 0 - 0.1 0.1 - 0.2 0.2 - 0.4 0.4 - 1.0 g - 1.0
+0.18 +0.08 +0.12 +0.10 +0.06
10-39% 0.56 Jg7ay 0.90 Zplqp 0.72 Zglqg 0.88 Zplip 0478 Tyog
+0.30 +0.,20 +0.13 +0.00 +0.10
30-50) 0.32 T5 3, ©0.68 Tot3y 0.76 Ig7p3 1.00 Totig 0.70 ¥gt S
_annl o +0.81 +0.32 +0. 17 +0.00 +0.14
50-200(-0.50 ¥7-2g 0.52 *oc2E 0.76 Yyt 1.00 Totgg 0.62 o104
+0.17 +0.09 +0.09 +0.004 +0.05
10-2004 0.38 575y 0.80 Z5l43 0.7H Dylqn 0.96 “plgpg 0-73 Iolgg
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FIGURE CAPTIONS

Figure 1: The geometrical acceptance of the EMI for posi-
tive muons as a function of the muon momentum
pu and muon angle o,

Figure 2: a), b), and ¢). The y-distributions for the
antineutrino energy ranges 10-30 GeV, 30-50 GeV
and 50-200 GeV respectively. The curve is com-
puted from the best fit for B in each case.

d), e}, and f). The x-distributions for the same
energy ranges. The curve is a prediction computed
from the gquark distributions of Field and Feynman
(Ref.10).

Figure 3: a) The relative antiquark contribution
Q/(Q + Q) as a function of x computed using all
the data in the energy range 10-200 GeV. The
curve is computed from the quark distributions
of Field and Feynman (Ref. 10), Db) The world
data for B for the maximum x-range plotted as
a function of energy. The straight line is a
linear fit to the total world data.

Figure 4: a) The data for < y > as a function of energy.
The curves are computed from Eg. 3 for the two

y-ranges. b} The data for < x > as a function

of energy.
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The solid curve is <x> « Efb with b = 0.15 (see text)
fitted to the data for y = 0.2-0.6, E > 10 GeV. The

broken curve is for y = 0.05~0.9, E > 40 GeV. ¢) The
data for <v >as a function of energy. The curves are

for b = 0.15 .
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